Tension lag time on electric stimulation (TLTe), i.e., latency from the stimulus to the rise of tension, and contraction time (CT) of the rectus femoris muscle on twitch contraction were measured on the affected and non-affected sides of eight patients with spastic hemiparesis due to stroke. Both TLTe and CT were significantly longer on the affected side than on the non-affected side, suggesting changes in contractile properties of the spastic muscle.
Tension lag time on electric stimulation (TLTe), i.e., latency from the stimulus to the rise of tension, and contraction time (CT) of the rectus femoris muscle on twitch contraction were measured on the affected and non-affected sides of eight patients with spastic hemiparesis due to stroke. Both TLTe and CT were significantly longer on the affected side than on the non-affected side, suggesting changes in contractile properties of the spastic muscle.
tension lag time ; contraction time ; twitch ; spastic muscle ; stroke Tension lag time (TLT) at the initiation of fast voluntary movement, latency from the onset of electromyographic activities of prime mover muscle to the rise of tension, prolonged on the affected side of patients with spastic hemiparesis due to stroke (Tsuji and Nakamura 1987) . Recent studies on normal subjects have indicated that TLT prolonged as the peak tension decreased (Viitasalo and Komi 1981 ; Bell and Jacobs 1986) and as the proportion of slow fibres increased (Viitasalo and Komi 1981) . However, there was no correlation between TLT and force output on the affected side of the post-stroke hemiparetic patients (Tsuji and Nakamura 1987) . The prolonged TLT could be due to changes in contractile properties of the spastic muscle, since structural and functional alterations were noticed in the spastic muscle such as selective atrophy of type II fibers (Edstrom 1970) , and emergence of a new type of motor unit characterized by prolonged contraction time (CT) and increased fatigability (Young and Mayer 1982) . In this study, we measured the latency from the electric stimulation to the rise of tension (TLTe) and CT on the twitch contraction of the rectus femoris muscle on both sides of patients with spastic hemiparesis in order to examine the contribu tion of altered contractile properties to the prolonged TLT at the initiation of fast voluntary movements. 
METHOD

RESULTS
Fmax was significantly lower on the affected side than on the non-affected side at each stimulus strength (ps<0.05). Fig. 2 illustrates scatter plots of Fmax versus TLTe and CT of a patient. On both sides, TLTe shortened as Fmax increased, whereas CT was constant. According to Tsuji and Nakamura (1988) , the relation of TLTe to F,nax is approximated by a hyperbolic function of Fmax (TLTe-a)=b on the twitch contraction of the rectus femoris muscle of normal subjects, and the value of `a' is the asymptote of TLTe which depends solely on the force detection level. Table 1 lists the values of `a', referred to as TLTe20 on both sides of each subject. The mean TLTe20 on the affected side was significantly longer than on the non-affected side (p <0.01). CT did not depend on the stimulation strength since one-way ANOVA on CT indicated no significant effect of the strength level of stimulation upon CT on either the affected or the non-affected side of each subject. There was no significant correlation between Finax and CT on either side of any subject, thus CT was constant in the range of Finax produced in this study. The mean CTs on the affected and non-affected sides of each subject are listed in Table 2 . The mean CT on the affected side was significantly longer than on the non-affected side (p<0.05). TLTe20 was not related to CT on either the affected or the non-affected side.
DISCUSSION
Both TLTe20 and CT prolonged on the twitch contraction of the spastic muscle. As the number of right hemiparetics was equal to that of left hemipar etics in this study, prolongation of TLTe20 and CT was not due to the difference between right and left sides but to that between affected and non-affected sides. The present result of prolonged CT is in agreement with other studies (Hopf et al. 1974; Young and Mayer 1982 ; Dietz and Berger 1984) , suggesting increased proportion of functionally slow fibres in the spastic muscle. Considering that CT reflects the proportion of slow-twitch fibres in a muscle (Henneman 1980 ) and so does TLT (Viitasalo and Komi 1981), TLTe20 shoule be related to CT. However, there was no correlation between TLTe20 and CT on either the affected or non-affected side in this study. The discrepancy between our result and that of Viitasalo and Komi would be due to difference of the subjects and experimental method. The subjects studied by Viitasalo and Komi (1981) were young athlete students and quite homogeneous while our subjects were heterogeneous in terms of age, premorbid activity, and the degree of paresis. They measured TLT on the fast voluntary contraction but we did on the twitch contraction with motor point stimulation, resulting in difference of muscle fibre activation : smaller fibres are excited first on voluntary muscle contraction but larger fibres are easily excited by electrical stimulation. Indeed, TLTe20 of the rectus femoris muscle on twitch contraction was significantly shorter than that on fast voluntary contraction in normal subjects (Tsuji and Nakamura 1988) .
The present results demonstrated that both TLTe20 and CT prolonged on twitch contraction of the spastic muscle compared to the muscle on the nonaffected side, and thus the prolonged TLT at the initiation of fast voluntary movement in patients with spastic hemiparesis is partly due to changes in contrac tile properties of the spastic muscle.
